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i'laa. -\H Ap'oiHCKOH CCP, <t>H3HKa, 15, 162 — 167 (1980) 


flO^EAPbEPHOE nOTAOIXiEHHE B CT ALJHOH APHOPI 
CBEPXPELUETKE 


T. VI APyTlOHflH. X B HEPKAPAPflH 


BbmHC \ch .Me/K30HHbift boacpipHyHeHT nor \omeHHH b CTaijHOKapHOH CBepx- 
pemeT\e b «k \accHHecKOM» cxynae, horaa bhcuihhh KsaHT cBB3bi3aeT noaoapbeo- 
Hbie 3\e<\Tpo -ib,e coctohhhh b aona* HayHeHo bahhhhc jbv aepHbix dkchto- 
hob Ma 3To ror\ouie u He h npoBeaeno cpaB'ieHHe c B^cnepn'ieH-osi Pa:c' , .OTp- i - 
hhc BeaeTca c wexoM cpaaoBoS npocxpaHcxaeHHoii HeoAHopoXHoexa bovhw b 


:to. 


lOBbICHACH HHTepeC K HCM CCXBeHHbni lepHO- 

ueTKaM (CP). HanfioAee npHBAeKaTCAbHOH 
eTca to, hto mx nepHoaimecKHM noTSHuna\ 
a 3 to n03B0AHeT paccxiaT pn-BaTb h.\ b xa- 
b LUHpoKHx AHanaaoHax <J)H3HHecKH.\iH na- 


a ocHOBHbie nepTbi 3 HepreTHnecKoro cneKTpa 
it M 3 ynaiOTCH HX KKHCTHHeCXHe H OnTHMeCKHe 
iTpHBaeTCH B 03 M 0 H 5 H 0 CTb yCHACHHH 3A2KTpO- 
CTpOHTCB TeOpHH SACKTpHHeCKHX H SAGKTpO- 

m c Hcno,\b 30 BaHHeM vieTO^a MaTpHigbi uaot- 


HraAbHbix nonbiroK peaAH3auHH CP CTpyx- 
Ka3biBaeTCH .\ieTop nepHOflHHecKoro aepeao- 

KOBblX CAOeB H3 KAaCCa -4 3 5 5 M HX TBep4bIX 
iy BpeMeHH b btom HanpaB.\eHHH jocTiirHyT 
ipHMep, b paSoTe [8] coo6u£aeTCH o ciiHTe32 
iadhoh cBepxcTpyKTypbi, Bbipau^eHHCM ne- 
lOeB Ca4s H AlAs C Hcno \b30B3HHeM M6TO- 

UAOJKeHHOH b [9] B paoo"» [8] sxcnepH- 
poHHbie CBOHCTBa Bbipamei; CP crpyx- 
AOIgeHHH H CneKTpOB AIOMil.! .2HUHH 
Lbl nOAVMeHH.q CP npHB04HT >' 04H0MepH0H 
MOJKHO H3yMaTb, paCCMaTpHBaa 4BH/KeHHe 
loro nepHOAHMecKoro noTeHuna.\a Ksi (z), 

JHa.\ C 60AbLIi0H TOMHOCTbSO MOJKHO CHHTaTb 

— ocb CP, ad — ee nepnoa 
irepa c noTeHywa \ovi V ( 2 ) npHBO^HT k 
CT pyKTvpav, bOTOpbte no4pa34e.\atoTca Ha 
[ onucbiBarOTca b npno uiweHHH ciiAb^OH ;t 
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npe\oM\eHna iicxojhou cpejbi. a F xi . — tpyHKLjHH, He\i0H0T0HHbr\i o6pa30\s 
323iicnwan ot naoaxieTpa QCi 
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OcHOBtias naCTOTHaji 3aBHCHM0CTb 3 (4) onpeaeAHeTcn noBepeHHeM bcah- 
-iHHbr (to), npeacTas xstoiyeTf coooft HHTerpa \ 
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r^e 3B oaHanaeT 30Hy EpHAAJoaHa h BBeaeHbi o6o3HaneHHH 

IF m . = A + s,-|. 8i ., (9) 

/>,’ (kz, q) — A., cos k z d -f A v cos (& z 4- p) d. (10) 

Hd (8) bmjho, mo noBeaeHHe (co) b Tpex o6AaCTax pa3AHHiio. B 
33VX KpaiiHHX o6\aCTH\ G ss , (<o) npHHHMaCT 'nOCTOHHHbie 3HaHeHHH 

0, fcw </ IF^ + miu/ii (kz, q) 


G,s' H = 2 “ 


ft w> IF j 4 - -f- max/js'(l':, p). 
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EcAH .Ke 10 Ae/KllT B OOAaCTH, T4e BbinOAHHeTCH yCAOBHe ftfO = l V iS ' -j" 
— ]s>' (*.-., p), to G,^ (to) paBHO cyMMe Bcex Tex 0Tpe3K0B b nepsoii mi- 
HH30He BpHAAK13Ha, AAH KOTOpbIX fss’[kz, p (<-•>)] < f ss' [kz„, q («>)]. 

B nacTHOM ciyaae qd <C 1 (xor^a npocTpaHCTBeHHaa (paaoBaa HeoaHO- 

poAHOCTb BOAHbl He yHHTblBaeTCa) {pyHKUHH G J) , (u) 'npHHHMaeT npOCTOH 
B 114 , nCBTOpaiOIJLIHH tpopvy nAOTHOCTH COCTOHHHH B CP [1] 

C„ (. 0 ) = — arc cos ( — — — ) . W. s - 2 jAJ < ftto < W, s + 2|A,|. (12) 
d \ 2 I A, -| / 

3aMeTHM, hto HacTOTHoul HHTepea \ npn cpiixciipoBaHHOM d yaeufmiBa erca c 
pOCTOM HOMepa ypOBHH \IiIHH30Hbl (-^ ' — e\p I /.,</))• 

3 S'pcpe.m sy\oH03Choro BsaHMOAencTBiia 3AexTpOHOB H jbipox Ha 
cne^rp ochobho'-q norxomeiiua bo\H3ii nopora xopoiuo ’-t33ecTeH B npiiHuii- 
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ne Taxor scfxpexT npi' hh 3 hk.\ TeMnepaT>pax hcooxoahmo npi'-.nvarb so bhh- 
Mani'e i: b ca> Mae oG :>uob npoctpaHCTBeHHO orpaHi.-eHHbn no pahomj i-:r 
H3MeOcH)IH (jBJMepHIi’c nOAVnpOBOAHHXH [12 13], pa3MephO-xnaHTOBaHHb:<r 

jiAeHh; [14. 13], CP crp>KT}pb’ [8, 16]) 

Pacc.MOTpnv noceaeHHe KostfupniiMeHTa .Me^noHHoro nor,ojjr-Kj= 5 Cf 
r.pi. > iBTe h> \OKCBCKoro BsamiOAeHCTBiix reHepi-pj eMbi\ b noAoap&epH^i.x co- 
CTOBKHBX 3.\eKTpDhHO-4,bipOHHbIX nap 

/[.iB nacTOib' onTiiwecKOro nepexoAa b ooxacTax a; CnpeTnOro cnexTpa 3 
CP 6\ ASM HMeTb 
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rite nepBbie Asa n\eha b npaBOH MaCTH (13) ofivCAOBAeKbi CP cTpxxTymH a 

TpeTl'H iByMfcpHWM Ky AOHOBCKHM B3aHM0AeHCTBV!eV 3AECb R„ = 

= mV/M/S/C 2 , x — jii3.\eKTpHHecKaB npOHHuae.MDCTb, / =|/h| -p / 4 — r\as- 

HOe KBaHTOBOe HKC \0 (»i, l ? = 0, 1, 2,.. COQTBeTCTBeHHO a 3HMVTa.\bHOe H 

paaiiaAbHoe KBanTOBwe hhcab) 3kchtohh35i nocTOAHHas Pnaoepra ecTb 
R = 4jP,„ HTO C5H33HO C tpaKTOpOM JBVMepb OCTH npOCTpahCTBa M 3 (13) 
BHAhO. MTO AHCAOXaUIia AHCKpeTHbIX COCTOBHHH BeCbMa HVBCTBHTe VbHa t na- 

paMeTpoM CP Mo»;ho nOKa3aTb [17], hto KOscpcpHuneHT norAOujeHiia b sto\. 

c\yHge ovjeT H.xreTb (pop My AeAbTa-$} HxuHOhHbix hhkob OaxTOp, \HHTMBaio- 
iuhh 3 \eKTpOHHO-AwpoBHoe B3aH.MOAeHCTBHe b o6xacTH AHexpeTHOro cnexTpa, 

ecTb [11] 

j0 (0)]~ = {.-■ (I -f 1/2) - 2 , r 0 = 2 h*,.'m e s (14) 


Oh }Ka3b!BaeT Ha AOCT2T3HHO CHAbHVIO saBHCHMOCTb CHA OCUI! ' \BTOpOT OT / 
rioAHbiH xootpcpiiyueHT norAOijueHHB b o 6 a 3 cthx AHCxpeiHOro cnexTpa b CP 
6 } AeT npeacTaE \HTb co 6 oh Ha6op ae xbTa-c})} HKUHOHHbix hmxob, A 0xaAd3 }K>- 
ijuhxcb nepeA KajKAbiM hobmm noporoxi mhhh 30Hbi 3aMeTHM TaK»e, nro ko- 
3ip(J»HiJHeHT incrAOuieHHa 6yAex aaBHceTb ot (pOTOHHoro BOAHOBoro Bexropa Q 
nocpeacTBOM (pyHKUHH onpeAeA^eMOH (5). 

KoacpcpHyHeHT norAOin.BHHH b o6.\acT ax HenpepbiBHOro cnexTpa 6}AeT 
HMeTb BHA (11) 
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Aerxo BHAeTb hto ncr.\omeHHe b 3 Ti:x ooxacTBx Tax'jxe v> ectbiits \ bno x na- 
paMeTpav CP h 33BHCht c>mecTEeHHO o t cpOTOHHoro noxhOBoro BexTOp,n 

rioxxweHHbie oe3yAbT2Tbi n03B0AJU0T ABTb npCCT>IO HHTepnpeTauHK) 
sxcHTOHHb.’M 3(prpeKTaM npH MeaDOHHOM nOA6apbepHO\; norAOiyennn e CP 
(pnc. 2) Ha pHC} m,e n} HXTHpHan .\HhitB cootbctctb} e T noBeaeriino r.OBcppu- 
yiieHTd norAOjjeHHB npii nepexoAax Me/XAy noAOapbepHbiMit coctdbhiibmh oe2 
yneTa bkchtohhoto scpcpexTa npH QQ 1. CnAOiuHbic as \bTa-i}-> HKijHOHHbie 
miKli COCTBeTCTBJ JOT CBE33HHbIM 3XCHT0HaM MotTS B '.ii:HH33HH0M Cn°KTpe 
nOTAOlbeHUa OHH npOBBAEIOTCJI B BHAe >3KHX AHHHI' i! ,’\<eiOT HailOO \bLU\ JO 
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3iiTe\bH0 oaBHa 0.014 aB, hto npH hh3kh\ TeMnepatypax b neTbipe pa3d npe- 
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noAyHaeM f Vv ^0,7 10~ r ’ cm. /Iah 
! -= 0 pa^Hycbi pe3KO B 03 pacrai 0 T. 



5 p ll) A 


a \/ 


H 


b A £ 

O /A // 

7. L. Ena 

8. A. C. 
A. .4 Y. 

and 








|a3'i np’- - 

ZaA^). 

i Ca/s 

|iem;baer 

pHOCTb 

0 c.v 
i nep- 

) y. CP 

4a» 

acTaxDT. 


cecTOfl- 


10 

A 

4 bIM HO* 


ii 

r 

k noc- 


12 

M 

aCTM. 

i 

13 

O 



14 

f 

ap.epre- 

i 

t 

15 . 

A 

rpynna- 

t 

i 

r 

16 

G 


, wew 

nOHHTb, 
IKCKTOH- 
limu Be- 
>;• noKa- 

25 %. 

5 ]- 

KOHeHHO 
|sa nose- 
CTpyK- 
nr.HMep, 
epexo^a 


197 

) 

1971 

\ 

Ed 

>7 

by 

-02 

i979 


A H T E P A T V P A 

: -1 77 IBm CPI n S, 1841 (1974) 

2 P Cl) KaiopuHOB. P A Cijouc CPTFI, 5, 797 ( 1971) 

3 . Cl) Kaaapuuou P A Cypuc CPTFI 6, 148 ( 1972) 

- ’/ H OecuH-uihoe ii ap CPTFI, 4, 2225 ( 1970) 

5 .4. E Bial-slec, G F A liotla IBM, J R<^ De\ , 14, 686 (1970 

6 /7i II A ubef’oa 10 B rhu wee, lO B LLl\tci>ueB CUTn, 6, 19o (197 ) 

7 L Esaki Proc Int Conf Ph\s Chem Semicond , Budaoest 197'. \ i. d 13 
S. A. C. Gossard et nl Appi Phys. Lett. 29, 323 (1976) 

9 A Y. C ho, J L Artur. Progess in Solid State Chemistry Ed In G Somnai 

and J McColdin (Pergamon, New York), 1975, v. 10, p 
PI 111 UK CDTn, G, 1268 (1972) 

M A pyTioHRH X B HepKapapHH FIpenpiiHT HHH CDKC-79-02 
Shinada , S. Sugano. J Phys Soc japan. 21, 1936 (1966) 

Akimoio, H Hasegava J. Phys Soc Japan, 22, 181 (1967) 

M ApyTtoHHH.M. r A pyrtoHUH, A C Cqokuh. ©TT, 21, 1586 (1979) 

. A KtJiAMM riMcbMa 7K9TCP, 29, 716 (1979) 

H Dohler Phys St. Sol . B52, 79 (1972) 

17 T A Bup, r E fluKyc CHMMeTpHH h AetpopMa’uKOHHbie effnpeKTb, b no-\> npoBOAHH 
sax, M , 1972, ctp 547 


blifrlMLPWlUAU&ht iilftlflMTn [JSU.SbnbRP TbPSUtiSflMr 

: o- u- 2u.pnH»-3nM,3m,, lu >1 urhu,pu,n3u,i. 

i 

| U. 2 fu w in ujbp'i Lit Kut2t[i[ u ' t ) £ u mm g ft nb m p tfLpgwbgft J /regnli aj i fib ^uibjiuh rjn p a w I] /< n n 

I « rjiufpnij , Lpr l muutjfih ^wiyntif £ wuippbp t^nbiubbpmu bbpwwpqlf 

[ [lulptj tji i l t 2hlpnpn‘Uuipp' , t i^ftulul/hhpp ft lUniJh lu u fipi^uj d ( bptj^wifi ( pufy in nbb ip j* w ij rj-b ynifl in ibtr 

ijj -tr t.J tjnpdwljiip tlltAnif* ltu)i ifpui b tfiuwmpi^ujb ( Via J bJ winrup int'b i/mpSft )bw 9 fun iu p , n 

r J c k wtnu/pt^uj^ £ wnhhjn ij tn w p lu d uj 1/ wh i/int[wjfth u/hZ ui u lu u b n n i ft j nih p 


■iKH AAH 
UKipHHbl 
O yCAO- 


SUB-BARR1ER ABSORPTION IN A STATIONARY SUPERLATTICE 
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The calculation of the interband absorption coefficient was carried out in the- 
“classical" case, when the frequency of light was assumed to bind two miniband suh- 
barner states of different bands The influence of two — dimensional Mott excitons or 
this absorption was studied and a comparison with experiment was made All these 
considerations were carried out taking into account the photon nu\e sector (the 
phase spatial lnliomogeneit) ) 
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